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Introduction
Economists and policy makers have always had a keen interest in understanding how …rms turn inputs into outputs. Productivity, which measures the e¢ ciency with which this conversion occurs, has received special attention as it directly a¤ects the performance of countries and regions. At the aggregate level for example Jones and Romer (2010) document that over 50% of GDP per capita di¤erences across countries are accounted for by productivity di¤erences. In Europe, a substantial deceleration in both labor and total factor productivity growth has been recorded since the 1990s, relative to the United States putting downward pressure on GDP per capita growth (van Ark et al., 2008). At the …rm or plant level, researchers have found substantial heterogeneity in productivity across …rms. Moreover these di¤erences are proven to be persistent over time. An increasing number of papers has started to analyze the determinants of …rm level productivity in recent years (cf. Syverson, 2011 for an overview). These studies can be related to the recent work of Sutton (2012) analyzing …rm capabilities. Sutton considers the 'revealed'capability of a …rm as its 'underlying capability', which consists of the set of elements of 'know-how'or 'working practices'held collectively by the group of individuals comprising the …rm. Firms can acquire the necessary capabilities by investing in human capital (hiring skilled workers or investing in …rm-speci…c human capital through training, cf. Konings and Vanormelingen, 2011) or, more indirectly, through spillovers resulting from its relationships with and interaction with foreign and domestic suppliers and competitors. Corry et al.(2011) show for the UK that that most of the productivity improvements were generated through the increased importance of skills and new technologies.
Not only …rm level productivity growth matters for aggregate productivity growth, but also the reallocation of resources across di¤erent …rms. The international trade literature has studied the relationship between …rm level productivity and internationalization intensively since the 1990s, both theoretically and empirically (see Bernard et al, 2012; Mayer and Ottavianio, 2008 ). These studies demonstrate that the most productive …rms select themselves 1 into international markets and that trade liberalization will induce a process of creative destruction. Hence, from a policy point of view promoting intra-industry competition is important, leading the most productive …rms to replace the least productive ones.
The importance of …rm level productivity growth relative to the reallocation of resources between …rms with di¤erent productivity levels in aggregate productivity growth is likely to di¤er across sectors. For example Baldwin and Gu (2011) …nd that the manufacuring industries best …t in the active learning model (Ericson and Pakes, 1995) where …rms can improve their productivity after entry by making investments with an uncertain return.
Firms realizing productivity improvements expand over time while …rms witnessing productivity decreases contract and ultimately exit. The retail sector on the other side would be best described by a passive learning model where a …rm enters with a given time-invariant productivity level. Over time, the …rm updates its believes about its underlying productivity level based on the realized pro…ts and either exits or stays in the market. These results are consistent with the …ndings of Foster et al. (2006) who show how productivity growth in the retail sector is almost entirely due to the entry of more productive establishments and exit of less productive establishments. However, most of the studies up to date are limited to the manufacturing sectors, mainly due to data limitations.
To determine the importance of …rm level productivity growth versus the reallocation of resources, most papers have computed sector or country level aggregate productivity growth by using the input-or output-share weighted averages of productivity growth at the …rm level.
Subsequently, aggregate growth is decomposed to determine to which extent growth is due to increases in technical e¢ ciency or reallocation of resources (e.g. Baily et al. (1992) , Olley and Pakes (1996) , Griliches and Regev (1995) and Foster et al. (2001) ). However, in a recent paper Petrin and Levinsohn (2012) show that these de…nitions of aggregate productivity growth are not necessarily linked to the classic de…nition of aggregate productivity growth, namely aggregate value added growth that cannot be accounted for by input changes. They show how to construct from …rm level data a measure for aggregate productivity growth in line with the classic de…nition, which can then be decomposed to measure the importance 2 of technical e¢ ciency versus reallocation e¤ects.
We follow Petrin and Levinsohn (2012) and determine the relative importance of technical e¢ ciency and reallocation for aggregate productivity growth in a small open European economy. To this end we use a dataset containing all Belgian …rms active in the private sector, both services and manufacturing. We observe at the …rm level the necessary variables to estimate productivity as well as a number of factors that have been shown to be drivers of productivity di¤erences across …rms. More precisely, we have information on human capital such as the level of education and the amount of on-the-job training received by the employees. Moreover we observe the international activities of the …rms such as imports and exports. This allows us to make a careful analysis of the micro foundations of aggregate productivity growth. The outcome of this exercise will not only provide us with a better understanding of the slowdown of productivity growth in Europe, but also give an indication of the importance of the di¤erent productivity drivers to both aggregate and …rm level productivity growth.
By doing so we contribute to the literature along several dimensions. First, we are the …rst to apply the Petrin and Levinsohn (2012) approach in a European context. Second, we include the services sector in our analysis. We do not only decompose aggregate productivity in the services sector, but include as well international trade in services as a productivity driver. Third, while most studies consider a single determinant of productivity at a time, our rich dataset allows us toanalyze the role of each of these factors in explaining productivity growth at the …rm level as well as at the aggregate level.
Our …ndings suggest that reallocation is the largest and most stable component of aggregate productivity growth, whereas within-…rm productivity improvements account for a smaller but also much more volatile component of productivity growth. Hence, changes in aggregate productivity growth are driven mainly by ‡uctuations in within-…rm productivity improvements. At the sector level, within-…rm productivity improvements are realized mainly by …rms active in the manufacturing and telecommunication sectors. In general, …rms and sectors that invest in human capital (by providing training opportunities and/or by hiring relatively skilled people) and/or participate actively on the international market, outperform their counterparts. Finally, the relatively poor performance of the wholesale and retail sector in Belgium can be related to the strict regulations that apply to the sector in most of continental Europe (Baldwin and Gu, 2011, Conway and Nicoletti, 2006) , hence suggesting that liberalization may yield additional productivity improvements in the future.
Overall, while the services sector continues to grow in terms of value added and employment, its contribution to overall productivity growth remains rather limited.
The remainder of the text is structured as follows. The second section shows the empirical framework used to compute aggregate productivity while discussing its micro-foundations.
The third section describes the dataset(s) used while the fourth section presents and discusses the results Finally the last section concludes.
Empirical Framework
This section presents the decompositions of aggregate productivity growth used in the analysis. We will mainly focus on the novel Petrin and Levinsohn (2012) decomposition, but will present as well the more standard Griliches and Regev (1995) decomposition, which will be executed as a point of comparison.
Petrin and Levinsohn (2012) Decomposition
This section brie ‡y describes the method proposed by Petrin and Levinsohn (2012) to measure aggregate productivity growth and decompose it into its micro-level foundations. The setting is the following. There are N …rms in the industry and to produce Q it units of output in period t, …rm i combines K primary inputs, for example di¤erent kinds of capital and labor, X it = (X i1 ; X i2 ; : : : ; X iK ) with intermediate inputs M it = (M it1 ; M i2t ; : : : ; M iJt ) according to the production function Q i ,
where ! it represents …rm level total factor productivity and F it are all …xed and sunk costs incurred by …rm i, normalized to the equivalent of foregone output. The total amount of output that goes to …nal demand Y it is then
with P j M ji the part of …rm i's production that is used as an intermediate in other …rms or in …rm i. Petrin and Levinsohn (2012) then de…ne aggregate productivity growth as the di¤erence between the change in aggregate …nal demand and the change in total expenditures on primary inputs:
with W ikt the cost of primary input k. In growth rates, Equation 2 can be written as:
where
, the share of cost of input k in aggregate demand. Although we do not observe the amount of a plant's output that goes to …nal demand, the National Accounting Identity shows that aggregate …nal demand is equal to aggregate value added and moreover that P
, the share of value added of …rm i in total value added. Petrin and Levinsohn (2012) show how aggregate productivity growth can be decomposed into a technical e¢ ciency term (TE) a reallocation term (RE) and a …xed costs term (F).
More precisely AP G t = T E + RE + F with
Aggregate productivity growth can …rst of all increase if the average …rm level productivity increase. Moreover, aggregate productivity growth can occur through reallocation of 5 resources from low marginal value activities to high marginal value activities (relative to marginal costs). If for example marginal costs are constant across …rms, the reallocation of one unit of input from …rm i to …rm s, would increase the value of output by P st
while aggregate input use remains constant, leading thus to an increase in aggregate productivity. In a neoclassical setting without frictions, the value of the marginal product is equal to the marginal cost, leaving no room for improvements in aggregate productivity through reallocation of resources. In reality, markups, taxes and adjustment costs all create gaps between the value of the marginal product and marginal costs and for example the reallocation of resources to …rms with higher markups increases aggregate productivity growth.
In growth rates, the decomposition of aggregate productivity growth can be written as:
where " ik and " ij are the output elasticities of primary and intermediate inputs and
are the revenue shares of each input. If intermediate inputs are separable in the output production function, Petrin and Levinsohn (2012) show the growth rate formulation in terms of the value added production function to be:
where again, D v it is equal to the …rm's share in total value added, s
the value added share of each input and the output elasticities, " v ij , are now those for the value added production function. They can be shown to be equal to the elasiticites from the output production function divided by 1 minus the share of intermediates in total revenue,
it is the residual of the value added production function. Given that the small …rms do not report sales, we will focus on the value added speci…cation for the remainder of the analysis.
To write equations 3 and 5 in discrete time, we use Tornquist-Divisia approximations.
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The growth rate of aggregate productivity can be written as:
where D v it is the average of …rm i's value added share from year t 1 to year t and c ikt the average across two periods of …rm i's expenditure share of input k in total value added.
The decomposition of aggregate productivity growth can be written as:
where again a bar denotes the average of the variable across two time periods. Note that when estimating a value added production function, the computed value added residual is 
Griliches and Regev (1995) Decomposition
Several other approaches for aggregating and decomposing productivity growth have been applied in the literature. Most of these decompositions use the share weighted sum of …rm level productivity as a measure of aggregate productivity growth To compute the weighted average, either input or output weights can be used., namely AP G
and Regev (1995) show how aggregate productivity growth can be decomposed as:
where a bar over the variable denotes the average over two time periods and P denotes the aggregate productivity level in the sector/economy. Aggregate productivity growth can occur through …rms becoming more e¢ cient (the technical e¢ ciency term, also called within …rm component) as well as by reallocation of resources to …rms being more productive than the average (the reallocation term, also called between …rm component). Moreover when entrants are more productive than the average, aggregate productivity increases and likewise if exiters are less productive than the average (the entry and exit terms). As Petrin and Levinsohn (2012) note, the reallocation terms (including the entry and exit terms) are problematic as they could be negatively related to …nal demand and productivity growth de…ned at the aggregate level. For the sake of comparison we will also perform a decomposition of aggregate productivity growth following Griliches and Regev. (1995) . 
Dataset
We make use of several databases to compute productivity growth and infer the contributions of di¤erent …rm types. First, we use data from the annual accounts of Belgian …rms for the period 1997-2009. In principle, all limited-liability …rms in Belgium are required to …le their annual accounts to the National Bank of Belgium (NBB) and we select all …rms active in the private sector (NACE Rev 1.1 codes 1-74). The required variables for estimating productivity using value added production functions are reported. To compute real value added, we de ‡ate nominal value added by an industry value added price index obtained from EU Klems. 2 As a measure for labor input, we observe the number of employees at a …rm (full-time equivalent) as well as the number of hours worked. We have information on the di¤erent types of tangible …xed assets (buildings, machinery and equipment, transport equipment). We construct a measure for the real capital stock using the book value of the …rm's assets and the reported depreciation. For details on the construction of the real capital stock, we refer to the Appendix. The user cost of capital is de…ned as r it ( it + r t )P t with it the reported depreciation rate of …rm i in period t and r t the long-term interest rate in period t. Finally, P t represents the price index of gross …xed capital formation.
A subsample of large …rms has to …le complete annual accounts 3 which additionally provide information on turnover and material costs, allowing us to estimate revenue production functions. We will focus however mainly on the full sample of …rms, but provide a robustness check focusing on the larger …rms in order to keep the sample as representative as possible for the whole Belgian private sector. Moreover, reallocation of resources is likely to be more 3 Firms that are a¢ liated to other …rms, publicly listed …rms and …rms that exceed at least two of the three cuto¤ criteria in terms of employment (50 employees), balance sheet total (e3.65mio) and turnover (eeuro7.3mio) need to …le complete accounts.
4 The data on the education level is only available for large …rms. 5 There have been substantial changes in the social balance sheet starting in 2008. Most importantly, employment by skill had to be reported only in ‡ows -i.e. the educational level of the workers entering and leaving the …rm -prior to 2008, while it has to be reported in stocks starting in 2008. The changes in the social balance sheet variables imply that the data before and after the change are di¢ cult to compare. We will therefore not include 2008 and 2009 in the analysis when we investigate how di¤erent human capital pro…les of …rms relate to their productivity growth patterns. 
Measuring Productivity
To infer total factor productivity, we estimate value added production functions following Wooldridge (2009) . We use investment as a proxy to invert out productivity (Olley and Pakes, 1996) and estimate di¤erent production function parameters for each two digit NACE Rev1.1 sector. 6 For our main results we rely on the more ‡exible translog production function instead of the standard Cobb-Douglas. The main advantage is that the output elasticities are allowed to vary across …rms within a sector, which could be important as these elasticities are part of the reallocation terms. The estimated production function coe¢ cients can be used to compute total factor productivity:
with av it the natural logarithm of de ‡ated value added, l it the natural loggarithm of labor input (either number of hours or number of employees) and k it the natural logarithm of the real capital stock.
Results

Aggregate Productivity Growth
As a starting point we focus on value added and productivity growth for the entire private sector. Figure 1 displays the growth rate of GDP reported by the National Bank of Belgium and the growth rate of total value added in our sample. In general, the value added growth follows closely GDP growth as it should (although we exclude the public sectors in our data set). When turning to the di¤erent contributions of inputs and productivity -following Petrin and Levinsohn (2012) -to the growth in value added in Table 2 , one can see that on average total factor productivity contributed positively to economic growth over the sample period. Growth in labor and capital inputs was limited over the 12 year sample period, in line with expectations for a developed economy like Belgium. Comparing the growth rates of total factor productivity in Figure 2 and Table 2 , one can see that the evolution of aggregate productivity growth according to Petrin and Levinsohn (2012) (AP G P L G ) is similar to the evolution in productivity growth reported in the macro database EU Klems, but the level of AP G P L G appears to be higher, namely 1:46% as opposed to 0:47%. This can be partly due to the changing skill composition of the labor force. While productivity growth reported in the EU Klems database takes into account the skill structure of the labor force, we have treated the labor stock to be homogeneous. 7 Aggregate productivity growth computed as the share weighted sum of …rm level productivity (AP G GR G ) appears to be more volatile and less related to productivity growth computed using macro data. The correlation between EU Klems productivity growth and AP G Table 3 reports the Petrin and Levinsohn (2012) decomposition of aggregate productivity growth. The reallocation of resources to higher marginal product activities provides a positive and stable contribution to aggregate productivity growth and is on average equal to 1:25%. Average within-…rm productivity growth is lower and equal to 0:21%, but its volatility is much higher. The standard deviation of the within term is equal to 1:16% while its value for the reallocation term is only 0:56%. By consequence ‡uctuations in aggregate productivity are mainly driven by technical e¢ ciency growth. These results are in line with Petrin et al. (2011) who found similar results for US manufacturing industries. Firm level technical e¢ ciency growth appears to be strongly procyclical as the correlation between value added growth and within …rm productivity growth is higher than 0:70. A possible explanation could be labor hoarding by …rms during recessions and the adjustment of labor to negative shocks is happening more through reducing the number of hours worked by an employee instead of through the number of employees employed. As a robustness check, we used the number of hours as our measure for labor input. Results are reported in Table C.1. Again, ‡uctuations in aggregate productivity growth are driven by the technical e¢ ciency term, although technical e¢ ciency is now less procyclical, as expected. 8 Turning to the reallocation "gap" terms, one can see that labor gets reallocated from low-value activities to higher-value activities. The capital reallocation term is somewhat more volatile, but positive on average. On average the …xed costs term is positive hinting to decreasing …xed costs over time. All in all the residual …xed cost term is relatively small in comparison to total reallocation, indicating that the reallocation of resources from low-value activities to high-value activities do a good job in explaining total reallocation.
Decomposition Aggregate Productivity Growth
The results for the Griliches and Regev (1995) decomposition are reported in Table 4 .
Again, within-…rm productivity growth accounts for only one quarter of aggregate productivity growth. Productivity growth appears to be mainly driven by the entry of …rms being more productive than the industry average and the exit of less productive …rms. Together they account for around 2/3 of aggregate productivity growth. 9 The between term -measuring to what extent output gets reallocated to more productive …rms -is highly volatile and close to zero on average. The entry term is positive in most years indicating that on average entrants are more productive compared to incumbents. The contribution of entry in 2009 is relatively high. Although the entry rate is low in this crisis year, the entrants are substantially more productive. Similarly, the contribution of exits to aggregate productivity growth is relatively low in spite of a higher exit rate because the productivity di¤erence between exiters and incumbents is smaller compared to other years. These results are in line with results obtained by Hallward-Driemeier and Rijker (2013) for Indonesia in response to the economic crisis in Asia during the1990s. Potential reasons why the crisis would have 8 When using the number of full time equivalents employees as the measure for labor input, the correlation between value added growth and within …rm productivity growth is equal to 0.74. Using the number of hours as labor input this correlation drops to 0.30. 9 In principle, the within …rm productivity growth in the Griliches-Regev decomposition should be exactly the same as in the Petrin-Levinsohn decomposition. However, recall that we perform the Griliches-Regev decomposition at the sector level -the same level at which the estimation was executed -and subsequently aggregate these sector level results up using value added shares. such adverse e¤ects are …nancial constraints faced by …rms, as well as temporary restrictions on products or markets imposed by governments when the crisis hits.
Before turning to the sector-level analysis of aggregate productivity growth, we perform a number of robustness checks on the full sample. Results of these alternative decompositions can be found in Appendix C. Firms can adjust the number of hours more easily in response to a positive or negative shock, at least to the extent that they can be adjusted without hiring or …ring anyone. This higher ‡exibility is con…rmed by the much higher variation in labour input growth in Table C.1   compared to Table 4 . Aggregate productivity growth is on average somewhat higher and more volatile if we rely on the number of hours. While within-…rm productivity growth accounts (on average) for less than 15 percent of aggregate productivity growth when we use the number of full-time employees, this value goes up to almost 43 percent when the number of hours is used instead. To avoid measurement error and improve comparability with related literature, we focus on the number of employees as our preferred measure for the production function in what follows.
In Table C .2 we use the de ‡ated book value of tangible …xed assets as a measure for the capital stock. The construction of the real capital stock in the main results could be more sensitive to measurement error in the capital stock as the year-to-year di¤erence controlled for depreciation is taken as total investment, which is subsequently de ‡ated and added to the capital stock. However from C.2,it is clear that the choice for a di¤erent way to construct the capital stock hardly a¤ects our results, Table C.2 summarizes the results.
In Table C .3, we perform a similar decomposition, now using a revenue production function, following Equation 4. Again, productivity growth is mainly realized through the reallocation of resources to …rms with larger gaps. Within …rm (technical e¢ ciency) growth is on average even negative and highly volatile. The material reallocation term is positive in 14 most periods, indicating that within …rm productivity growth using the value added speci…-cation will be upward biased. Average within …rm productivity growth computed using the value added production is equal to 0:28%, which should be compared to the average within …rm productivity growth using the output production function, i.e. -0:89%. Although the level of value added within …rm productivity growth is higher, both measures are positively correlated with each other.
Finally, Table C .4 shows the result of the decomposition if we rely on a Cobb-Douglas speci…cation for the production function rather than the more ‡exible translog speci…cation.
The choice of estimator only a¤ects the within and reallocation components in the decomposition, aggregate productivity growth is identical in Table C .4 and in Table 3 . Results suggest a bigger role for within-…rm productivity growth when we rely on the Cobb-Douglas speci…cation and corresponding lower importance of reallocation. The within components are positively correlated across spec…cations however.
Sector Level Results
Table 5 displays aggregate productivity growth per sector. In line with expectations, largest productivity growth can be found in the Agricultural and Manufacturing sectors.
10 with respectively an average growth rate of 5:33% and 1:69%. For these sectors within …rm productivity growth -i.e. individual …rms improving their productivity level -is the most important contributor while the reallocation of resources across …rms accounts for only a minor part of aggregate productivity growth. Productivity growth in the Transport and Communication Sector is high as well, but this is mainly due to the Communications sector.
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Productivity growth in the services sectors is in general lower compared to the industrial sectors. Moreover, the reallocation term is more important for the services sectors (again 10 Banks are not included in the Financial sector as they do not …le standard annual reports and we choose not to report the results for this sector separately.
11 Average aggregate productivity growth in the Communications sector (NACE rev 1.1 code 64) is equal to 3.97%, of which 2.57% points is due to within …rm productivity growth and 1.40% is due to reallocation. Average aggregate productivity growth in the Transport and Storage sectors was equal to 1.87% of which 0.21% due to within growth and 1.66% to reallocation. Table 6 displays results for the Griliches-Regev decomposition. Results are comparable in that highest productivity growth can be found in the Agricultural, Manufacturing and Telecommunications sectors. While the Wholesale and Retail sector has been identi…ed as one of the main contributors to aggregate productivity growth in the US, productivity growth in Belgium appears to be non-existent. Within-…rm productivity growth is strongly negative, compensated by more productive …rms becoming larger and the less-productive …rms being driven out of the market. For the other non-manufacturing sectors, there is some positve productivity growth for Business Services and Construction, but this growth has been driven by the entry of more e¢ cient …rms. The within …rm productivity growth is negative.
The results can be framed in the di¤erent models on industry and productivity dynamics (Baldwin and Gu, 2011) . The services industry appears to be in line with the passive learning model of Jovanovic (1982) where …rms are endowed at birth with an unknown productivity level. After entry, …rms update their beliefs on this time-invariant productivity level by looking at their realized pro…tability levels. The less productive …rms exit the market while the more productive …rms survive. Aggregate productivity growth is thus realized through the entry of more productive …rm, exit of the least productive …rms and potentially the reallocation of resources between …rms with di¤erent productive levels. The manufacturing sector and agricultural sector on the other hand …t in the active learning model by Ericson and Pakes (1995). Here, …rms can improve their productivity level after entry by making investments, creating room for within …rm productivity improvements.
Our results are in line with the so-called Baumol's disease, the belief that the inherent nature of services makes productivity improvements less likely than in the goods producing industries of the economy (Baumol, 1967) . However, more recently, Triplett and Bosworth Intensive Services. 13 The results reported in Table 7 show that the knowledge intensive industries are the fastest growing sector in the economy and part of this growth is realized through productivity growth, but only through the reallocation of resources to higher value activities, indicating that the innovation level in these sectors is still fairly low. Surprisingly, productvity growth in the low-tech industries is higher than in the high-tech industries.
Even within-…rm productivity growth in the high tech sector is comparable to within …rm productivity growth in the low tech industries. We can again compute the contributions of the di¤erent sectors to aggregate growth. The outcome is reported in Figure 4 . Although the high-knowledge intesive services account for the largest part of economic growth, the low-tech manufacturing sectors are almost equally important in terms of APG, and the most important sectors for improvements in technical e¢ ciency. Despite being the largest sector in terms of value added together with non-technological manufacturing, the low-knowledge intensive sectors only account for a relatively small part of economic growth and a tiny part of APG, caused by negative within-…rm productivity growth.
reallocation for the retail sector alone is respectively 0.44, -1.02 and 1.46%. The results for the GrilichesRegev decomposition are -0.39% (APG), -1.02% (within), 0.51% (between), -0.47% (entry) and 0.59% (exit). 13 We follow Eurostat and the OECD in the classi…cation of these sectors. The precize classi…cation of sectors can be found in the Appendix.
Firm Capabilities
Over the past years, the number of …rm level productivity studies has increased substantially.
In this still growing body of literature several drivers of productivity have been identi…ed, cf.
Syverson (2011) for an overview. These studies can be related to the recent work of Sutton (2012) analyzing …rm capabilities. Sutton considers the 'revealed' capability of a …rm as its 'underlying capability', which consists of the set of elements of 'know-how'or 'working practices'held collectively by the group of individuals comprising the …rm. Firms can acquire the necessary capabilities by investing in human capital (hiring skilled workers or investing in …rm-speci…c human capital through training, cf. Konings and Vanormelingen, 2011) or, more indirectly, through spillovers resulting from its relationships with and interaction with foreign and domestic suppliers and competitors. We will bring in these capabilities in this subsection and determine how much they potentially contribute to aggregate productivity growth. We will focus mainly on two drivers of …rm capabilities and will analyse human capital and international engagement of …rms.
While most of the literature on human capital has looked at the relation between human capital and wages, the increasing availability of matched employer-employee datasets allows for the estimation of the impact of human capital on …rm level productivity. For example, Ilmakunnass et al. (2004) …nd that productivity is increasing in worker's education and age. Konings and Vanormelingen (2011) show that …rm-level productivity is increasing in the number of workers that received training. Concerning the relationship between international trade and productivity, it is well documented that the most productive …rms tend to selfselect into international markets, but once they are internationally active they can realize 
Human Capital
We look at two dimensions of human capital, namely at the accumulation of skills through the general education system and at skill acquisition through training provided by …rms. In order to assess the contribution of the skills of the workers to aggregate productivity growth and its components, we classify …rms into di¤erent categories according to the educational level or training level of their employees. First, we turn to the educational level. In the social balance sheet we observe -for …rms that have to …le the full annual account -the educational level of the in ‡ow and out ‡ow of employees for the period 1997-2007. To obtain a measure for the education level of the number of employees active in the …rm we take the average share of medium high education and high education in ‡ow in total in ‡ow over all years, i.e. sh
and IN H it are respectively the in ‡ow of medium-high education workers and high education workers for …rm i in year t. IN it is the total in ‡ow of workers. After obtaining the share of medium-high and high education workers, we divide the …rms in three categories, namely the …rst category -the (medium)-low education …rms -comprises the …rms for which the share of medium-high and high skilled workers is below the median computed over all …rms. Similarly, the medium-high education category contains …rms for which the share is higher than the medium and lower than the 75 th percentile. Finally, the high education category consists of the …rms having a share of high and medium high workers in the top 25 th percentile.
This categorization results in each category being approximately equally important in terms of value added, namely 34%, 36% and 30% for the medium-low, medium-high and high education category respectively. The results for the Petrin-Levinsohn decomposition are reported in Table 8 and Figure 5 . Productivity growth is on average highest in the high and medium high education categories while aggrgegate productivity growth is relatively low in the low-education category. The di¤erence between the low-education category and the other categories even more pronounced when we turn to the technical e¢ ciency (within) term.
Here productivity growth is almost non-existent for the low-education category. Translated to the contributions of each category to the growth rates of value added and its di¤erent components, Figure 5 shows that within-…rm productivity growth is mainly driven by …rms having a share of highly educated workers above the median, while reallocation seems to 20 take place mostly between …rms with either low or high skill intensity.
Instead of de…ning human capital as the skills acquired through the general education system, the database allows us to take human capital built up throug …rm provided training into account. More speci…cally we divide …rms into training versus non-training categories where training …rms are de…ned as having provided at least one period training to at least one employee. The results, reported in Figure 6 , clearly show that …rms that invest in training activities account for the lion share of productivity improvements within the …rm and for a sizeable (though not larger than the share of value added accounted for by these …rms, cf. Table 9 ) part of growth through reallocation. 
Internationally Active Firms
It has been well established that internationally active …rms are more productive compared to non-internationally active …rms, both theoretically (e.g. Melitz, 2003) and empirically (e.g. Bernard and Jensen, 1999) . Internationalization can in ‡uence aggregate productivity growth through the reallocation of resources to more productive …rms and/or through some learning-by-internationalizing e¤ect where …rms increase their productivity level more after entry in the international markets compared to …rms only active on the domestic market.
The …rst reallocation channel is for example the only source of productivity growth in the Melitz (2003) model, namely trade liberalization causes the least productive …rms to exit the market and allows the most productive …rms to expand. If our sample period is characterized by increasing trade liberalization or decreasing trade costs, the reallocation term should be the most important component of aggregate productivity growth.
We distingish between …rms not involved in international trade, …rms that are only importers, …rms that are only exporters and …rms engaged in both imports and exports, for trade in goods (Table 10 ) and for trade in services (Table 11) . Firms are classi…ed in the group they resided in most during the period considered. As can be seen from Table 10 and Table 11 , two-way traders account for the bulk of total value added generated by …rms in the private sector, even though they account for the minority of …rms. These are the so-called Superstar Exporters (Mayer and Ottaviano, 2008 ) that dominate world trade and production.
The contribution of the di¤erent categories to aggregate productivity growth is depicted in Figure 7 and Figure 8 . In line with expectations, aggregate productivity growth is larger for two-way traders compared to the no-traders. The di¤erence however is mostly due to the within …rm component, while the reallocation term is only slightly smaller for the no-traders.
These results seem to indicate that theoretical models focusing solely on productivity gains through reallocation will understate the true productivity gains from liberalization. The group of …rms that only import or export is clearly di¤erent for trade in goods than for trade in services, as evidenced by the reallocation and within terms in the tables. For trade in goods, there is a clear distinction between …rms that only import and those that only export in terms of their share of total reallocation versus within-growth. For services, all trading …rms contribute positively to both reallocation and within-…rm productivity growth.
Overall, this is explained by the fact that most …rms that engage in services trade, are two-way traders on the goods market.
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Conclusions
We provide a thorough analysis of productivity growth in the Belgian private sector between 1997 and 2009. More precisely we determine the micro-level foundations of aggregate productivity growth following the decomposition methodology recently introduced by Petrin and Levinsohn (2012). The advantage of this method being that the di¤erent components add up to a measure of aggregate productivity growth that is close to macro de…nitions of aggregate productivity growth, i.e. changes in …nal demand that can not be explained by input changes. We …nd aggregate productivity growth to be equal to 1:46% on average over the sample period. The reallocation of resources from low-value activities to high-value ac- 15 The same results hold as well at the sector level (results available on request).
tivities is the main contributor to aggregate productivity growth, although improvements in …rm-level technical e¢ ciency play a role as well, especially in explaining ‡uctuations of aggregate productivity growth. A classic decomposition of aggregate productivity growth such as for example Griliches and Regev (1995) , shows similar results. Turning to the sector level contributions to aggregate productivity growth, the results show that the Manufacturing, Agricultural and Telecommunication sectors realize highest productivity growth. Aggregate productivity growth is low in the services sectors, especially so for within-…rm productivity growth.
Dividing the sample into di¤erent categories according to the …rm capabilities shows that productivity growth is mainly realized by …rms having high levels of human capital - 
B Construction of the Real Capital Stock
We have information on the di¤erent types of tangible …xed assets (buildings, machinery and equipment, transport equipment) and take as the initial capital stock of a …rm the book value of the capital stock in the year that the …rm enters the industry/sample, de ‡ated by the appropriate economy-wide gross …xed capital formation price index. (for example we use the price de ‡ator for non-residential housing to de ‡ate the book value of buildings). To construct the real capital stock for the subsequent years, we …rst compute nominal investment by combining information on the book value of tangibles and depreciation, i.e.: I t = K it + D it K it 1 . We de ‡ate nominal investment I it and construct the real capital stock as e K it = ( e K it 1 + e I it )(1 it ) where e K it and e I it represent real capital and investment respectively.
it is the depreciation rate of …rm de…ned as it = D it =(K it + D it ).
C Robustness Checks C.1 Number of Hours as Labor Input 
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C.4 Cobb-Douglas production function 
